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® A method for fabricating a piezoelectric composite transducer. 


® A method for providing a curved composite ul- 
trasound transducer of a relatively large size. A 
blank of piezoelectric material has its rear side re- 
ticulated with a series of relatively coarse grooves. 
The front side of the material is reticulated with a 
series of relatively deep fine grooves to provide a 
matrix of upstanding piezoceramic rods. The spaces 
between the rods on the front side of the blank are 
therefore filled with a curable polymeric resin 
(epoxy). The resin filling the blank spaces on the 
front side is partially cured. After partial curing, the 
blank is placed into a spherical compression mold 
and molded so that its front side is formed concave 
and its rear side convex. The resin is cured while 
M holding the molded blank under pressure in the mold 
^ until the resin has cured. After curing, the blank is 
1,0 removed from the mold and the back side is ground 
r-away to provide a spherically curved transducer hav- 
ing a multiplicity of individual piezoceramic rods 
disposed in a matrix of cured resin. 
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A METHOD FOR FABRICATING A PIEZOELECTRIC COMPOSITE TRANSDUCER. 


BACKGROUND OF THE INVENTION 


This invention relates to a method for fabricat- 
ing a composite piezoelectric transducer compris- 
ing the step of providing a blank of piezoelectric 
material, said blank having a front side and a rear 
side. More particularly, the invention relates to a 
method for fabricating a curved composite ultra- 
sound transducer. The method of fabrication per- 
mits the fabrication of curved ultrasonic trans- 
ducers in large sizes. Such transducers are particu- 
larly useful in medical ultrasound diagnostic ap- 
paratus. 

Transducers for ultrasonic diagnostic equip- 
ment are commonly fabricated from a signle block 
of the piezoelectric ceramic lead zirconate titanate 
(PZT), however, other ceramics such as lead 
titanate and lead metaniobiate and certain poly- 
mers such as PVDV may also be used. Recently, 
composite piezoelectric materials constructed from 
a matrix of PZT rods disposed in a polymer have 
been developed. Such composite transducers have 
provided greater freedom of design in transducers. 
The term "composite transducer" as used herein 
describes a transducer which includes regions of 
an electrically active material (i.-e. a piezoelectric 
material/ which are embedded in a matrix of a 
second material. Preferentially, the second material 
is an electrically passive material (i.e. an insulator). 
The second material may have acoustic properties 
which are different from the acoustic properties of 
the active material. 

Many composite transducers are manufactured 
in the form of flat discs. However, for certain ap- 
plications in medical diagnostic ultrasound a curved 
focused transducer is desirable. However, the fab- 
rication of a curved composite transducer has pre- 
sented difficulties. One attempt to overcome these 
difficulties has been to fabricate the composite 
transducers from a polymer, such as polyurethane, 
which is extremely flexible, see e.g. the polyure- 
thane composite transducers described in 
"Ultrasonic Probe Using Composite Piezoelectric 
Materials" IEEE Ultrasonic Symposium 1985 at 
pages 634-636 and "Medical Ultrasonic Probe Us- 
ing PZT/Polymer Composite" described at Vol. 3 of 
the papers presented at the second "U.SVJapan 
Seminar on Dielectric and Piezoelectric Ceramics' 1 , 
Nov. 4-7, 1984. However, ultrasonic transducers 
fabricated from flexible polyurethane materials have 
been found to be less completely satisfactory. 

Another method of forming a curved composite 
transducer is discussed in "1985 IEEE Transac- 
tions on Sonics and Ultrasonics", Vol. SU-32 at 


page 499-513, in an article entitled "Piezoelectric 
Composite Materials for Ultrasonic Transducer Ap- 
plications. Part II: Evaluation of Ultrasonic Medical 
Applications." In this article a composite transducer 

5 was manufactured from a relatively iow viscosity 
epoxy which was molded into a curved shape by 
heating the already cured epoxy to a point above 
its glass transition temperature until it softened and 
bent. However, this approach has been found less 

10 than completely satisfactory, because large diam- 
eter transducers cannot be made due to the high 
shrinkage of the low viscosity epoxy resin. As the 
effect of shrinkage is proportional to the size of the 
transducer, the shrinkage builds up in a larger 

is diameter transducers rendering them unusable. 
Higher viscosity epoxy is not usable in this method 
because it is thermosetting and will not deform 
under heat. 

Another method for forming a curved compos- 

20 ite ultrasonic transducers has been to grind con- 
cave and convex surfaces onto a flat composite 
transducer. However, only relatively shallow radius 
transducers are capable of being made by this 
method as the thickness of the composite block is 

25 limited by the depth of the groove that can be cut 
in order to produce the block by the dicing and 
filling method. PZT rods can be cut only to rela- 
tively short lengths and thus the amount of cur- 
vature achievable by grinding curved surfaces is 

30 quite limited. Furthermore, PZT/polumer compos- 
ites can only be made in relatively thin sections. 

The present invention is directed to overcom- 
ing these problems and provides curved composite 
epoxy/PZT transducers of large size having ex- 

35 cellent electromechanical properties. 


SUMMARY OF THE INVENTION 

40 

It is an object of the invention to provide a 
method for fabricating a curved composite ultra- 
sound transducer of a relatively large size. The 
method according to the invention is characterized 

45 in that it further comprises the steps of: reticulating 
the rear side of said blank with a series of grooves; 
reticulating the front side of said material with a 
series of relatively deep grooves to provide a ma- 
trix of upstanding piezoelectric rods; filling the 

so spaces between the piezoelectric rods on the front 
side of said blank with a curable polymeric resin; 
partially curing said resin filling the spaces be- 
tween said rods on the front side of said blank; 
compression molding said blank into a curve, with 
said front side being concave and said rear side 
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being convex; curing said resin while holding said 
molded blank in said curved shape until the resin 
has cured; and removing said back side of said 
blank to provide a spherically curved transducer 
having a multiplicity of individual piezoelectric rods 
disposed in a matrix of cured polymeric resin. The 
front side may be ground to remove excess epoxy 
from the rod ends and to correct small errors in 
curvature. 


BRIEF DESCRIPTION OF THE DRAWINGS 


For a better understanding of the invention, 
reference is made to the following drawings which 
are to be taken in conjunction with the detailed 
description of the invention to follow, in which; 

Fig. 1 is a sectional view of the blank of 
piezoelectric material from which the transducer is 
to be formed with the reticulations cut into the front 
and rear surfaces; 

Fig. 2 is a sectional view of the compression 
molding apparatus for forming the curved trans- 
ducer; and 

Fig. 3 is a sectional view of the completed 
curved piezoelectric transducer. 


DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 


Fig. 1 illustrates the blank 10 of PZT material 
used to form the finished piezoelectric transducer. 
Blank 10 is in the form of a cylindrical disc and 
includes a front side 12, a rear side 14 and a 
sidewall 16. Blank 10 may be any suitable piezo- 
electric material such as a ceramic. A small grain 
high density material is particularly suited to mak- 
ing the fine composite structure needed for the 
finished transducer. Preferably, front side 12 of 
blank 10 is lapped in order to eliminate any micro- 
scopic surface cracks which may have damaged 
the ceramic. 

Since blank 10 will ultimately be molded into a 
compound curve during the compression molding 
process, portions of the blank will crack when mol- 
ded. Accordingly, in order to ensure that blank 10 
cracks in a uniform manner its rear side 14 is 
reticulated with a series of grooves 18. Grooves 18 
are cut in rear side 14 with a fine diamond saw. 
First a series of parallel cuts are made in the rear 
side 14 of blank 10. Thereafter blank 10 is rotated 
90° and a further series of parallel cuts are made in 
rear side 14 of blank 10. Accordingly, rear side 14 
of blank 10 is "diced" by means of perpendicular 
grooves 18. The dicing on rear side 14 is relatively 


shallow in comparison with the cuts to be made in 
front side 12 of block 10. By way of example only, 
a sufficient grooving on rear side 14 is 0.2 mm 
deep cuts spaced 2 mm apart and having a cut 

5 width of 0.075 mm. The depth, pitch and position 
of grooves 18 on rear side 14 need not bear any 
particular relationship to the grooves on front side 
12 as the rear side grooves 18 merely permit blank 
10 to crack evenly upon molding and the entire 

w rear side 14 of blank 10 will ultimately be com- 
pletely ground away. 

After rear side 14 has been reticulated, the 
front side 12 will be reticulated with a series of 
perpendicular deep, finely pitched cuts 20. For 

rs example only, Cuts 20 may be speced at a pitch of 
0.15 mm, have a cut width of 0.075 mm and be 0.9 
mm deep. As with rear side 14, front side 12 is first 
cut with a fine diamond saw in a series of parallel 
cuts. Thereafter, blank 10 is rotated 90° and an- 

20 other series of cuts is made, perpendicular to the 
first series of cuts. This will provide a series of 
ceramic rods upstanding from blank 10 with each 
rod approximately 75 by 75 by 900 micrometers in 
length. These rods will be all that remains of the 

25 PZT material when the transducer is completed. 

The next step in the present method is the 
filling of the grooves 20 with a curable polymeric 
resin (epoxy) and is accomplished with the aid of a 
centrifuge. A suitable epoxy for this application is a. 

30 high viscosity, low shrinkage epoxy. It has been 
found that the viscosity of the epoxy is inversely 
proportional to its shrinkage. That is, a high viscos- 
ity epoxy will have low shrinkage which is an 
important factor when forming a curved transducer 

35 of relatively large diameter. However, since the 
epoxy has a high viscosity it will not fill grooves 20 
by itself. Accordingly, a centrifuge is used to fill the 
grooves with epoxy. The front side 12 of blank 10 
is coated with epoxy and then placed in a cen- 

40 trifuge with rear side 14 facing outwardly in the 
centrifuge. When the centrifuge rotates the epoxy 
resin is drawn into grooves 20. The resin should 
cover the tops of rods 22. After the epoxy has 
been disposed within the grooves 20, the epoxy is 

45 partially cured by letting the epoxy filled blank 10 
stand at room temperature. When only partially 
cured, the epoxy resin will flow during compression 
molding. 

Figure 2 illustrates the apparatus for the corn- 
so pression molding of blank 10. Blank 10 is disposed 
above a die 26 having a spherical concave depres- 
sion 28. Die 26 is held in a lower die holder 30 
which is joined by a fastener 32 to an upper die 
holder 34. Die 26 includes an air inlet 36 which is 
55 coupled for liquid communication to a pressure 
inlet 38 in lower die holder 30. Upper die holder 34 
includes an upper pressure inlet 40. As shown in 
Fig. 2, epoxy filled transducer 10 is disposed 
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above die 26 and is covered with a thin rubber 
diaphragm 42. 

Upper pressure iniet 40 is connected to an air 
(or other fluid) line which admits a pressure of 
approximately 80 psi. The pressure on diaphragm 
42 forces transducer blank 10 to bend down along 
the contour of the die 26. The transducer blank 10 
is allowed to remain In the mold under pressure for 
24 hours which will permit the epoxy to fully cure. 
Bubbles trapped in the epoxy resin can be re- 
moved by admitting 80 psi to lower die pressure 
inlet 38 with the pressure to the upper die inlet 40 
simultaneously raised to 160 psi. After remaining in 
die 26 for 24 hours, the epoxy will fully cure and 
the transducer will remain curved when pressure is 
removed. After removal from the die 26, the trans- 
ducer may be given a post curing treatment at 
elevated temperature to develop the full properties 
of the epoxy resin. . The molded transducer is now 
ready for grinding. 

After removal from die 26 the transducer will 
have a concave spherical front surface 12 and a 
convex rear surface 14. Rear surface 14 will have 
cracked along grooves 1 8 and rear surface 1 4 will 
have a number of rectangular blocks of piezoelec- 
tric material between perpendicular grooves 18. 
Extending from the blocks are rods 22 which are 
now arranged so that they point towards the focal 
point of transducer 10. In order to complete the 
transducer, the rear portion 14 of transducer 10 is 
ground away and the excess epoxy extending 
above rods 20 on concave front face 12 must also 
be ground away. 

The grinding of transducer 10 may be accom- 
plished by hand grinding against curved laps or in 
a lens generating machine. The rear convex side 
14 is ground to the appropriate radius until all of 
the blocks formed by the cracking along perpen- 
dicular grooves 18 are removed, leaving only rods 
22 upstanding in the matrix of epoxy. Similarly, 
front surface 10 is ground away until the tops of 
the rods 22 are flush with the top surface. Accord- 
ingly, the completed transducer is shown in Figure 
3 in which each rod 22 is separate from the others 
and is dispersed in a spherically curved matrix of 
epoxy. Thereafter the edges of transducer 10 may 
be ground into the appropriate cylindrical shape, 
by for example, a rotary edge grinder. 

After completion of the grinding, electrodes are 
deposited on both sides of transducer 10 by any 
suitable method such as thermoevaporation. The 
electrodes also can be deposited by sputtering or 
other known metal deposition methods. The convex 
rear side electrodes are cut through by scribing to 
form annular ring electrodes. Such scribing may be 
accomplished on a small engine lathe and cut with 
a cutting tool. The number of electrodes may vary 
depending upon the type of transducer required, 


after scribing each of the electrodes on the convex 
rear side 14 are electrically isolated from each 
other. Finally, an acoustic matching layer may be 
applied to the concave forward surface 12. The 
5 acoustic matching layer may be any suitable ma- 
terial with a suitable acoustic impedance, such as 
epoxy which may be applied to front surface 10 
and cured as appropriate. 

10 

EXAMPLE 


A spherically curved piezoelectric composite 
is transducer was manufactured form a Honeywell 
278 ceramic disc of 22mm diameter by 1.5mm 
thickness. The disc was lapped to 1.2mm thickness 
before cutting. The rear side was reticulated with a 
series of 0-075mm wide slots spaced 2mm apart 
20 and 0.2mm deep. Thereafter the blank was rotated 
and a second series of identical perpendicular 
grooves was cut in the rear surface of the block. 
The front surface of the blank was diced with 0.075 
wide grooves which were 0.9mm deep at a pitch of 
25 0.150. The slots were cut with a rotary diamond 
blade. 

The epoxy used to fill the grooves on the front 
surface was Stycast No. 2057 epoxy which has a 
viscosity of 3500 cps. The epoxy was mixed 100 

30 parts by weight of Stycast No. 2057 resin with 
seven parts by weight of catalyst No. 9. A cen- 
trifuge was used to fill the grooves and thereafter 
the epoxy was partially cured for four hours at 
room temperature. The partially cured transducer 

35 was compression molded to a 70mm radius of 
curvature with 80psi pressure. The epoxy was left 
to cure in the mold for 24 hours. After removal 
from the die, the transducer was given a four hour 
post-cure at 80°C. Thereafter the rear surface of 

40 the transducer and the front surface was ground to 
the appropriate dimensions. Goid electrodes were 
deposited on the front surface and a matching 
layer of Araldite 502 epoxy was used as the acous- 
tic matching layer. 

45 The transducer was operated at 3MHz and was 

found to have high electro-mechanical coupling (k t 
= 0.57) and low acoustic impedance (12 Mrayi). 
The transducer produced is an efficient broadband 
transducer particulalry suited for medical imaging. 

so The array elements, defined by the electrode pat- 
tern alone, exhibit low cross-coupling between ad- 
jacent elements. Good lateral resolution over a 
large range of depths can be achieved when used 
with electronically swept focusing. The transducer 

55 manufactured by the above described process also 
demonstrated proper impulse response. 

Although the present invention has been de- 
scribed in conjunction with a preferred embodi- 
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ment, it is to be understood that modifications and 
variations may be resorted to without departing 
from the spirit and scope of the invention, as those 
skilled in the art will readily understand. Such 
modifications and variations are considered to be 5 
within the purview and scope of the invention and 
the appended claims. 


front side are substantially greater than the depth 
of the reticulations of said rear side. 

8. A method as claimed in Claim 1, character- 
ized in that said curable polymeric resin comprises 
high viscosity, low shrinkage epoxy. 


Claims 10 

1. A method for fabricating a piezoelectric 
composite transducer comprising the step of pro- 
viding a blank of piezoelectric material, said biank 
having a front side and a rear side, characterized in 75 
that it further comprises the steps of: 

reticulating the rear side of said blank with a series 
of grooves; 

reticulating the front side of said material with a 
series of relatively deep grooves to provide a ma- 20 
trix of upstanding piezoelectric rods; 
filling the spaces between the piezoelectric rods on 
the front side of said blank with a curable poly- 
meric resin; 

partially curing said resin filling the spaces be- 25 
tween said rods on the front side of said blank; 
compression molding said blank into a curve, with 
said front side being concave and said rear side 
being convex; 

curing said resin while holding said molded biank 30 
in said curved shape until said resin has cured; and 
removing said back side of said biank to provide a 
spherically curved transducer having a multiplicity 
of individual piezoelectric rods disposed in a matrix 
of cured polymeric resin. 35 

2. A method as claimed in Claim 1, character- 
ized in that it further includes the step of depositing 
electrodes on at least one of said front side and 
said rear side of said transducer. 

3. A method as claimed in Claim 1, character- 40 
ized in that it further includes the step of disposing 

an acoustic matching layer on said front side of 
said finished transducer. 

4. A method as claimed in Claim 1, character- 
ized in that said reticulated front side of said blank 45 
is produced by cutting a series of perpendicularly 
disposed grooves in said front side. 

5. A method as claimed in Claim 1 , character- 
ized in that the pitch of the reticulations of said rear 

side of said blank is substantially greater than the so 
pitch of said reticulations of of said front side. 

6. A method as claimed in Claim 1 character- 
ized in that the step of filling said grooves with said 
resin includes the step of centrifuging said blank to 
ensure the grooves of said blank are filled with said 55 
resin. 

7. A method as claimed in Claim 1 , character- 
ized in that the depth of said reticulations of said 


5 


EP 0 351 015 A2 



FIG. 3 


PHA21 448 


